Definition of osteonecrosis
Medication related osteonecrosis of the jaw (MRONJ), an adverse reaction to medication, has been reported since 2002, at first in cancer patients with bone metastases treated intravenously with pamidronate or zoledronate and later in patients taking oral bisphosphonate for the treatment of osteoporosis. Several cases of MRONJ have also been described in patients treated with antiangiogenic drugs with a so-called biological target (bevacizumab, sunitinib, sorafenib). Antiresorptive drugs (bisphosphonates and denosumab) are used in metabolic and oncological pathologies involving the skeletal system, including bone metastases, neoplastic hypercalcemia, Paget's disease and imperfect osteogenesis. 31, 32 MRONJ is defined as: a diffuse maxillary disease characterized by the presence of bone exposed in the orofacial area, which does not tend to heal after eight weeks of observation and conventional therapy, in a patient treated with antiresorptive drugs and/or with anti-angiogenic activity, with no history of radiotherapy in the head and neck area. 34 The incidence of MRONJ varies from 1.2 to 9.9% and generally depends on the dose, the duration of the therapy and the route of administration of the drug (the parenteral route has a greater risk factor than the oral route). 33 In most cases, this situation occurs after a surgical operation in the oral cavity e.g. the extraction of a tooth or the insertion of an implant. The onset of MRONJ is assisted by antiblastic therapy (chemotherapy, cortisone), debilitating diseases (e.g. infections, coagulopathies), poor oral hygiene and chronic periodontal disease. There have been reports of cases of MRONJ due to the trauma caused by the decubitus of incongruous prostheses. The exact mechanism that leads to bone necrosis is not completely known: bisphosphonates interfere with bone remodelling and lead to hypovascularisation. 33 Medicationrelated osteonecrosis of the jaw presents with recurrent abscesses and pain in the mouth resistant to antibiotic and anti-inflammatory therapies. The patient also complains of difficulty in eating. On physical examination, very often, a fragment of necrotic bone (grey, non-vascularised) emerging from the gum can be identified. Osteonecrosis is considered a disease that can significantly reduce the quality of life of patients. 8, 29 Prevention of MRONJ is based on measures such as careful oral hygiene, suitable periodontal therapy, prophylaxis for surgical procedures and monitoring of the subject (Table 1 and Figure 1 ). 32, 33 N o n -c o m m e r c i a l u s e o n l y therapy is useful to control the symptoms but has limited effectiveness in time and above all does not solve the pathology. The surgical approach to osteonecrosis involves the removal of the necrotic part and presents the risk of relapse with extension of the areas of exposed bone and aggravation of the symptomatology. 3, 29 Oxygen/ozone therapy in the treatment of medication-related osteonecrosis of the jaw Article Table 1 . Clinical and radiological staging system for BRONJ (bisphosphonate related osteonecrosis of the jaw) (SICMF-SIPMO).
Stage 1: FOCAL BRONJ
In the presence of at least 1 minor clinical sign and with a bone thickening on CT limited only to the den to-alveolar process of the jaw or maxilla, with or without other early radiological signs.
Minor clinical signs and symptoms: halitosis, odontogenic abscess, mandibular asymmetry, tooth and bone pain, bone exposure, mucous fistula, failure of postextraction alveolar mucosa to heal, rapid onset tooth mobility, paraesthesia / dysesthesia of the lips, purulent discharge, spontaneous sequestration of bone fragments, trismus and swelling of soft tissues. the application of platelet-enriched plasma at the site of osteonecrosis, bio stimulation with laser and oxygen-ozone therapy. 3, 5, [10] [11] [12] 29 The results are interesting and need further investigations. Oxygen-ozone therapy is a medical treatment based on the transfer of a mixture of oxygen and ozone in different quantities to the body using different techniques according to the treated pathology. Ozone (O3) is a natural component of the atmosphere and it is very important for the ecological balance of the earth. In fact, it absorbs most of the ultraviolet radiation coming from the sun, preventing them from reaching the earth's surface directly (where they would determine the destruction of all life forms, as they are energy-rich). In medicine, it is produced by subjecting a medical oxygen (O2) flow to high voltage. The reaction is reversible and the rate of dissociation from ozone to oxygen depends on the temperature. Ozone is an unstable gas that decays rapidly (the halflife of O3 at +20° C is 40 min). Therefore, it must be prepared extemporaneously in the doctor's surgery room. The gas used is always an oxygen/ozone mixture. 22 Ozone has an indisputable and effective antiseptic activity. When in biological liquids and due to its oxidising capacity, ozone reacts with unsaturated fatty acids, with some proteins and with other reducing compounds generating H2O2 and a series of products including LOPs (lipid oxidation products).
For about hundred years, ozone has been used by doctors to treat a variety of symptoms such as: infectious diseases, immune dysfunction, joint pathologies, ischemic pathologies, neurodege-nerative pathologies and degenerative vascular diseases in ophthalmology. 22, 25 Ozone has a positive effect on both soft tissues and bone through the stimulation of endogenous antioxidants. It increases the concentration of red blood cells and haemoglobin, stimulates leukocyte diapedesis (diapedesis: passage of leukocytes from blood to tissues through the endothelial cells) and phagocytosis of the histiocytic reticulum system. 3, 22 Pre-clinical studies performed in animals suffering from periodontal disease, treated with in situ ozone infusion, showed a reduction in infection and inflammation. 9 Some patients, treated with bisphosphonates for multiple myeloma, were given ozone, combined with antibiotic therapy, before and after dental surgery, with a clear reduction in the risk of developing MRONJ. [10] [11] [12] [13] Other authors have used ozone therapy with local infusions in MRONJ and they were successful concerning the stimulating effect and the antibacterial and analgesic properties. Ripamonti et al. (2011) proposed local applications of ozonated oil (with a custommade silicone-coated medical device) associated with antibiotic therapy with very encouraging effects. 14 Agrillo et al. (2012) introduced ozone therapy in patients with MRONJ as a tissue-regenerating factor and suggests that this procedure could be considered a fundamental pre-and postoperative point to improve the patient's quality of life as the results confirm the efficacy of treatment in 90% of cases. 7 Ozone therapy through the stimulation of cell proliferation promotes the formation of bone sequestration and soft tissue healing. 7 The elimination of bone sequestration is the next step in the healing process and is handled with a surgical procedure which consists in removing dead, damaged or infected tissues (superficial debridement). 24 Traditional bone surgery is performed with surgical drills mounted on rotating instruments that despite being at low speed (15,000-40,000 rpm) run the risk of overheating the bone edge and compromising healing. 27 Piezoelectric surgery is a new and innovative technique in bone surgery that uses a special device called piezoelectric scalpel. This scalpel produces ultrasonic pulses resulting in microscopic horizontal and vertical oscillations, capable of making a micrometric cut (vibrations between 24 and 37 kHz with amplitude of 60 to 200 µm and a power of 50 watt). 27 The ultrasound waves do not only have a mechanical effect, they also have a thermal and cavitation effect on the tissues. By cavitation, we mean the formation of small gas bubbles generated by the ultrasonic pulses in the cooling liquid, which increase in volume until they burst. These very small gaseous bubbles increase the cut of the instrument and, when they burst, they displace oral fluids: the nebulised cooling liquid determines a bloodless field with maximum intra-operative visibility.
Another indisputable advantage is the reduction of bone suffering since piezoelectric surgery does not increase the temperature in the cutting area. This creates a favourable condition for a good recovery of the treated site.
The piezoelectric technique is also characterized by the selectivity of the cut. Indeed, the micro vibrations generated by the ultrasonic pulses are able to cut the mineralized tissues, with little or no effect on soft tissues. In this way, nerves or other anatomical structures are not damaged in the event of accidental contact.
Compared to milling tools mounted on the hand-piece, this technique has many advantages: less overheating of the bone, better healing, less pain for the patient, clear and well-defined lines of osteotomy, minimum risk of damaging healthy structures thanks to the micrometric and selective cut and absence of vibrations on the handpiece. 27 To date, therefore, it seems that this technique should be predominant, especially in case of a significant risk of damaging adjacent nerve structures, injuring the surrounding soft tissues or further irritating the bone tissue. [18] [19] [20] 
Cases of medication-related osteonecrosis of the jaw at ASST Fatebenefratelli-Sacco
Since 2010, I have visited and treated almost 500 patients at risk of osteonecrosis due to dental problems. I have diagnosed 51 cases of osteonecrosis.
Following the approval from the Ethics Committee, I have been authorised by my Company since the 27 th of April 2015 with the deliberation n. 327 to treat patients with osteonecrosis level 1 and 2 according to the experimental protocol Treatment of bisphosphonate-related osteonecrosis of the jaw with oxygen/ozone therapy and surgical debridement with piezoelectric scalpel.
The study aims to evaluate the antiseptic and bio stimulant abilities of ozone to reduce the osteonecrotic lesion by the delimitation and expulsion of the necrotic tissue (spontaneously or by debridement). Fourteen patients affected by osteonecrosis, who corresponded to the inclusion criteria, have been enrolled in the study. Patients have been treated twice a week for 10 weeks, for a total of 20 applications with the oxygen/ozone mixture. At the end of the 5 th week, a debridement operation has been performed: a medical procedure, performed under local anaesthesia, to remove the necrotic tissue using sterile instruments such as scissors, forceps, scalpel and piezoelectric scalpel.
The sessions were biweekly and the oxygen/ozone mixture has been applied: i) With local submucosal infiltrations around the necrotic area and in the fistulas at the concentration of 10 micrograms/mL using a 10 cc syringe, with 29 g, 0.3313 needle and the injections must be 2/3 cc by inoculation up to a maximum of 15 cc; ii) Using an individual device (ozone tray) at a concentration of 30 micrograms/mL for 2 minutes. The ozone tray, custom-made using the alginate impressions taken from the oral cavity with osteonecrosis, includes an inlet hole and an outlet hole ( Figure 2 ). The inlet is directly connected to the ozone generator (Multiossigen MEDICAL 99 IR) while the outlet is connected to the unit aspirator. The comparison takes place through the analysis of clinical and radiographic parameters collected at the time points indicated in Table 2 . Patient number 6 presented two osteonecrotic lesions that were treated separately ( Figure 3 ).
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[page 51] Article Table 2 . Clinical and radiological parameters collected at specific time points (w=week) for the selected patients. T0  T1  T2  T2  T3  T4  T5  T6  T7  T8  Screen  2 Until now, six patients healed perfectly and among these, four expelled spontaneously or almost spontaneously the necrotic part without undergoing surgery. In three cases, there was only an improvement in symptoms. Five patients are currently being treated.
Variables
To conclude, thanks to its antiseptic properties, oxygen/ozone therapy reduced the effects of infection and inflammation, while the bio stimulant action of this therapy promoted the demarcation of bone sequestration and soft tissue healing (Figures 3-7) .
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